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DEFINITION OF SYMBOLS 


Symbol 

»AA 

a e 

ALISPO 

“ALT 

A 

m 

•A 

m 

•AMACH 

AREA 

a t 

AVDFLOX 
AVDMM 
AVFJ 10 
BDRAG 
CD 

CCDD 

CF 

CFV 

CXCA 

CXCVE 

CXCVI 

DA 

DCXA 

DCXVE 

DCXVI 


Definition 

Average *A m between two time Intervals printed out at the 
latter time point. 

Nozzle exit area (Engines I through n). 

Average Instantaneous sea level specific impulse. 

Altitude (from OMPT). 

Total calculated platform (Inertial) acceleration. 

Total platform (Inertial) acceleration from Observed Mass 
Point Trajectory (OMPT). 

Averaqe Mach number between t and t ^ as observed. 

Cross sectional area of vehicle. 

Throat area (Engines I through n). 

Average propellant mass loss rate. 

Average total weight loss rate of the vehicle. 

Average total sea 'eve I longitudinal thrust. 

Base drag (input as table or equation). 

Drag coefficient (table look-up vs. Mach). 

Average CD between two time points. 

Sea level thrust coefficient. 

Vacuum thrust coefficient (pulled from data tape). 

Required CD as based on acceleralion difference (DA). 

Required CD as based on earth-fixed velocity difference (DDVE). 

Required CD as based on inteqrated acceleration differences 
(DDIAT). 

Difference in total acceleration (calculated minus measured). 

Required drag coefficient change at any time as based on 
acceleration difference (DA). 

Required CD change based on DDVE. 

Required CD change based on DDIAT. 


DEFINITION OF SYMBOLS (CONT’D) 


Symbol 

DO 

ddve: 

DDIAT 


DFA 


DFLOX 

DFVE 

DEVI 

DIAT 

DMA 


□MASS (w) 

DMVE 

DMVI 

DRAG 

DVE 

FA I 

FB 


FL 


( l-n) 


FF I . 
( I -n ) 

F-ENG 


(l-n) 


FF 


FJ I 
FJ 10 
FLTTT 
FM I ( F ) 


Definition 

Average vehicle aerodynamic longitudinal drag between t and t 
Difference of DVE between two time points. 

Difference between DIAT from one time point to another divided 
by time difference. 

Required Ihrust change at any time as based on acceleration 
difference (DA). 

Propellant mass loss rate (from data tape). 

Required thrust change based on DDVF. 

Required thrust change based on DDIAT. 

Integrated difference between A and *A . 

m m 

Required mass change at any time as based on acceleration 
di f ference (DA) . 

Total vehicle mass loss rate (from data tape). 

Required mass change based on DDVE. 

Required mass change based on DDIAT. 

Total vehicle aerodynamic longitudinal drag. 

Difference between calculated and measured earth-fixed velocity 
Total longitudinal drag force. 

Vertical buoyancy force. 

Local individual engine turbine exhaust thrust (from data tape) 

Sea level turbine exhaust for engines (l-n). 

Local engine thrust. 

Average local thrust (FJI) between t and t . 

Total local longitudinal thrust. 

Total sea level longitudinal thrust. 

Flight time as measured from first motion. 

Total local lonqitudinal effective force. 

Individual engine sea level thrust. 


DEFINITION OF SYMOOLS (CONT'D) 


Symbol 
GCTTT (T) 
GRR 
I AT 
* I AT 
K 

KVAL 
LIS PO 
•MACH 
MASS (M) 

M i 

MM 

OMPT 

PAF 

PAM 

PAW 

P C 

1 1 -n ) 

PO (P ) 
o 

PO-»P 

•PRESS (“P) 

PVF 

PVM 

PVW 

*9 

*9Q 


Definition 

Time from guidance reference release. 

Guidance reference release time. 

Intoqral of A . 

Integral of *A^. 

Vehicle firing direction East of North. 

Thrust multiplier (local thrust correction constant). 
Instantaneous sea level specific Impulse. 

Mach number as pulled from OMPT. 

Instantaneous mass. 

Initial vehicle mass. 

Average mass between t and t_ ( . 

Observed Mass Point Trajectory or Measured Trajectory. 

Partial derivative of thrust with respect to acceleration 
d I f ference. 

Partial derivative of mass wi th respect to acceleration 
d I f ference. 

Partial derivative of flow rate with respect to acceleration 
d I f ference. 

Individual engine chamber pressure (from data tape). 


Sea level pressure. 

Local pressure difference. 

Ambient pressure from OMPT. 

Partial derivative of thrust with respect to velocity differ* 
Partial derivative of mas r : with respect to velocity differen< 


Partial derivative of flow rate with respect to velocity 
d i f ference . 


Dynamic pressure from OMPT. 

Average dynamic pressure between time points. 
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DEFINITION OF SYMBOLS (CONT'D) 


Symbol 

RADI) 

•RADD 

»RMO 

R 

o 

r 

o 

RTIMF (t) 
TT 

VE (V ) 
o 

*VE (*V ) 
o 

VOLUME 

$ 

o 



X , Y , 7 . 

m m m 

•X , »Y , V 
m m m 


Definition 

Radial distance from pad. 

Radial distance *rom pad from OMPT. 

Local atmospheric density from OMPT. 

Radial distance from qeocentric centor of the earth to launch 
pad. 

Initial components of the vehicle position vector referenced 
to tho geocontric center of tho earth. 

Range time. 

Midpoint time between two data points. 

Calculated earth-fixed velocity. 

Measured earth-fixed velocity. 

Total vehicle volume. 

Geodetic latitude of the launch site. 

Geocentric latitude of launch site. 

Angular rotational velocity of earth. 

Calculated platform (inertial) acceleration components. 
Measured platform (inertial) acce’ oration comoonents. 
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OCFINITION OF SYMBOLS (CONT’D) 


MATRIX IDENTIFICATION 



sin K 

0 

cos 

K 

DO - 

0 

1 

0 



-cos K 

0 

sin 

K 


1 

0 

0 

| 

r* 0 ] ■ 

0 

-cos<fr 

o 

-sin# 

o 


0 

s 1 n<j> 

o 

-cos# 

o 


coswT 

-s 1 nwT 

0 


M - 

s 1 nwT 

coswT 

0 



0 

0 

1 




-cos 1 nwT 

-wcoswT 

0 

wcoswT 

-u>s 1 nwT 

0 

0 

0 

0 



r 

o 


0 -uj 0 

u) 0 0 

0 0 0 


-R cos K sin (3 


X 

o o 


o 

R cos D 

S 

Y 

o o 


o 

R sin K sin B 
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o o 
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whoro : 


H 

o 
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1.0 INTRODUCTION 


Tho post-flight propulsion system analysis on each Saturn stage Is jsually 
performed by two methods. The first- method of determining the stage propulsion 
system flight performance Is a reconstruct Ion of the telemetered flight data 
Including calculated propoll ant residuals. This flight reconstruct Ion method 
is a mathematical model of tho stage propulsion system utilizing a table of 
influence coefficients to determine engine performance. The second method 
utilizes a trajector/ simulation to genorato adjustments that are enforced 
on tho results from the flight reconstruction method so that the resulting 
calculated trajectory will match tho observed trajectory. This second mothod, 
trajectory simulation, will b8 the point of discussion in this report. 

Tne post-flight propulsion system performance simulation on each Saturn 
stage has boon accomp I i shod using either threo-dogroo or si >*-dogroo-of -f reodom 
trajectory computer program. These, combined with a weiohtod least squares 
program, provide tho linear adjustment of the post-flight propulsion system 
parameters (thrust, mass loss rate and/or Initial mass) ano the predicted 
aerodynamic drag coefficient required for the trajectory parameters of the 
computed trajectory to match those derived from the tracking data observed 
during flight. (See Reference I). 

All of tho tracking data observed during flight are converted from the 
various tracker measurements with the origin at the tracking site to the 
trajectory parameters in a coordinate system with the origin at the launch 
site. All of these trackirg data are used In conjunction with the guidance 
system outputs to obtain a best estimate of the trajectory. The meteorological 
data observed at the launch time are combined with the best estimate of 
trajectory to yield what is called the Observed Mass Point Trajectory (OMPT) 
or measured trajectory. In all the propulsion system simulations performed 
on Saturn stages flown, an attempt has oe«jn made to compute a trajectory which 
matches tho measured trajectory. There are reveral difficult problems (which 
will he discussed later) associated with this procedure; however, these problems 
could possibly be circumvonted to a large degree if some of the trajectory 
parameters representing the a 1 1 i tude-t ime history of the measured trajectory 
are used as input to the simulation program. 

A simulation program called the Trajectory Application Method (TAM) was 
developed to investigate the advantages and disadvantages of this approach. 

2.0 SIMULATION PROBLEMS 

Two basic problems are associated with the usual simulation programs that 
do not use the observed trajectory parameters representing altitude-time history 
from the measured trajectory or OMF’T. 

ALTITUDE EFFECTS - The meteorological data (atmospharic density, pressure, 
temperature, and wind data) are independently observed function* of altitude. 

These data are combined with trajectory parameters from the best estimate of 
trajectory to compute several altitude-dependent parameters, such as dynamic 
pressure, Mach number, and the thrust gain from increased altitude. The relation- 
ship between altitude and the meteorological data is observed independently and 
is assumed correct. However, the altitude from convent Iona I simulation programs 
will initially be incorrect since the initial values of the propulsion svstem 
parameters have not been adjusted. Thus, meteorological data, which are referenced 
to the correct altitude,are introduced Into the trajectory computation at either 



on earl lor or later tiro (depending on the propulsion parameter adjustments 
required) than needed to satisfy the moasured trajectory parameters. This 
schr:ne will eventually convorge to the correct relationship as the adjustments 
to the propulsion system parameters and the aerodynamic drag coefficient converge 
to thu appropriate solution. 

AT TITUDE EFFECTS - The simulation programs often compute the attitude of • he 
vehicle in the s me fashion used In the precalculated or operational tr^j^ctor- 
programs, except that the fllgnt sequence and attitude program are considered 
fixed. The vohlcle attitude as computed in this way Is a function of the pro- 
pulsion and trajectory parameters. Thus, If the propulsion parameters are 
incorrec , the resultant nl t i tuJo- 4 Ime his:ory and attitudes will be incorrect. 
These, too, will eventually converge to the correct relationships os the propul sior 
parameter*, and aerodynamic drag coefficient adjustments converge to the appropriate 
solution. Also, the telemetered attitudes are sometimes used as inputs to the 
simulation programs. The problems associated with this approach are the time 
ind bias snifts which may be inherent in lolometored data. 

The effect of i hose t.o problems cannot bo separated. After several 

iterations these problems can be rcsolvod, but a largo number of both man- 
hours and computer hours are required. Since this type of simulation requires 
?! substantial amount of computer time for a sinqle run, the turn-around time on 
the computer is longer than would bo necessary with a moro simplified simulation. 

3.0 TAM DEVELOPMENT 

The Trajectory Application Method was developed to circumvent some of the 
problems associated with the usual propulsion system simulations. In addition, 
a capability to estimate the instantaneous adjustments required was built Into 
the program. The advantages and disadvantages of the TAM approach and some 
flight results are presented In subsequent paraqraphs. 

3.1 ALTITUDE AND ATTITUDE EFFECTS 

The altitude and attitude effect problems are handled In the foilowinq way: 

ALT I TUDE EFFECTS - The following parameters, representing the altitude-time 
history, are input directly as a function of time: ambient pressure, density. 

Much number, dynamic pressure and altitude. These parameters are used wherever 
they are required in the various computations insuring an altitude-time history 
compatible with the measured trajectory. Observed ambient temperature and wind 
effects ore included in the calculation of dynamic pressure and Mach number. 

This eliminates the convergence problems associated with an incorrect altitude- 
time history, thereby placing the vehicle in its proper environment for drag 
cons i derat ions although adjustments to propulsion parameters may yet bo required. 


A TTIT'JDt rrrrCTS - The measured platform (Inertia!) acre I era t Ion component'-, 
from +ho oMhT or measured trajectory are Input as a function of time. T*e unit 
vector cf the acceleration Is established. 
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This scheme eliminates the necessity for either computing the attitude or directly 
Inputting the tolemelercd attitude information and also insures compatibility with 
the measured trajectory parameter components. 


5.7 GRAVITY CONSIDERATIONS 


T ' io trajectory parameters, after a correct solution tor propulsion system 
parameters and aerodynamic drag coefficient adjustments have been obtained, should 
be identical to those i n the measured trajectory or OMPT. Therefore, the gravity 
-on t r i but i on a to the trajectory parameters needed to convert from inertial space- 
fixed coordinates are identical. The components of accelerat ion , velocity, and 
position due to gravity are input directly from the measured trajectory as a function 
cf t i me , thus forcing the gravity contributions to the trajectory parameters in TAM 
tc re eruivalon 4 to rhose in the measured trajectory. T his approach reduces the 
system f second orqer differential equations to be solved in the usual types of 
simulations to simple linear equations . 

3.3 ESTIMATED INSTANTANEOUS ADJUSTMENTS 

Redundant instantaneous adjustments to the propulsion system parameters and 
aerodynjnd c coefficients ~o made by comparing th« (|) inertial acceleration, 
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(2) nertlal velocity, and '3) jarth-fixed velocity computed In TAM *|tn those input 
from the measured trajecto. , at each timo point. There is a requirement tor partial 
derivatives of the trajectory parameters with respect to the parameters for which 
required adjustments are sought. These partjal derivatives can be obtained by 
conventional perturbation methods. However a highly simplified approach to 
determining these partial derivatives can bo developed, when the appropriate 
simplifying assumption is made. The assumption to bo made is that the deviations 
produced in inertial and earth-fixed acceleration resulting from a deviation in 
either the propulsion parameters or aerodynamic drag coefficient are approximately 
equivalent. The partial derivatives shown below can be usod for both inertial and 
earth- fixed accelerations. 
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MASS 
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MASS 


These partial derivatives which arc used for both inertial and earth-fixed 
accelerations have proven quite adoquate in several test cases. Also, these 
partial derivatives may be integrated with respect to time to yield partial 
derivatives that may be used with velocity and position differences. Since 
position and velocity data are generally quite smooth, it may bo desirable to 
use these in lieu of (or in addition to) acceleration data. 


The instantaneous adjustments to the propulsion system parameters and the 
jorod/namic drag coefficient are determined by dividing the difference between 
the trajectory parameters computed in TAM and input from the measured trajectory 
or OMPT by these partial derivatives at each time point. It must be assumed tha t 
the entire difference in the trajectory parameters is a result of any one of the 
ad j us tments . 

Fngineering judgement combined with a priori knowledge of the accuracy of the 
parameters being adjusted can be used to give an estimate of how much each of the 
parameters to be adjusted contribute to the difference between the computed and 
measured trajectory parameters. The estimated instantaneous adjustments can be 
jsed to determine if any significant trends or discontinuities could exist in the 
» ir^moters to be adjusted. (If any discontinuities exist in the trajectory para- 
dor it. put from OMPT, these 'would also be reflected i n the estimated instantaneous 
adjustments . ) 

Equally initial corrections are applied to the* propulsion parameters before any 
d*+ompt is made to establish the adjustment to the aerodynamic drag coefficient. 
Normally, only a constant shift to the propulsion parameters are considered even 
though estimated instantaneous adjustments are available. The instantaneous adjust- 
ments ior the aerodynamic drag coefficient are considered applicable. 


! 


3.4 overall adjustments 


The difference between the trajectory parameters computed in TAM and Input 
from OMPT can also be used with a conventional weighted least squares program to 
solve for an overall constant shift or bias in the propulsion system parameters. 
The partial derivatives required can either be those established using perturba- 
tion techniques or those partial derivatives determined in the simplified approach 
discussed under Paragraph 3.3. Usually, the a priori knowledge of the accuracy 
of the parameters to be adjusted is included in the least squares solution. Any 
conventional least squares computer program can be used with TAM to obtain pro- 
pulsion adjustments such as the one shown below. 



W 

o 


(nxn) diagonal matrix consisting of the squares of the 
accuracies associated with measured propulsion parameters. 


C 


(nxn) matrix of partial derivatives of the trajectory data 
with respect to the parameters P. 


W 


IP 


(mxm) diagonal matrix consisting of the sauares of the 
accuracies associated with trajectory data. 


R 


- (mxl) matrix of the difference between the calculated and 

observed trajectory usually referred to as the residual matrix 


The diagonal elements of the covariance matrix 


.V £(c T W,p-' cj] - 


are the statistical variances of the parameter adjustments, and the off- 
diagonal elements are the covariances of the parameter adjustments. The 
square roots of the diagonal elements are the standard deviations of the 
adjustments and the off-diagonal elements are an indication of the correlation 
between the adjustments. 


The matr 


ix 7 ( CV- R) 


represents the sum of the weighted squares of 


the residuals that are to be minimized subject to the constraints imposed by W q . 


3.5 ADVANTAGES AND DISADVANTAGES 


There are several advantages and at least one disadvantage of the TAM 
approach over conventional simulation techniques. 
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ADVANTAGES - The advantages, other than those for which the scheme was original I y 
devised, are discussed as follows: 

Altitude Effects 


a) . The altitude-dependent functions are given vorsus time thereby 

eliminating tape interpolation. 

b) . Fewer equations are required, thus eliminating unnecessary computations. 
Att i tude Ef focts 

a) . Control equations are eliminated. 

b) . Moment and angular motion equations are eliminated. 

c) . Computation or input of attitude angles is eliminated. 

Gravity Considerations 


a) . The sysfem of second order differential equations, usually required 

in most simulations, is reduced to simple linear equations. 

b) . Complex integration schemes are nol required. 

Partial derivatives 

The simplified approach for computing the partial derivatives eliminates the 
necessity of consecufive computer runs usually required for the conventional 
perturbation schemes. 

All of these effects aid in separating the propulsion parameter and aerodynamic 
drag coefficient adjustments and also reduce the number of iterations required to 
obtain a valid solution. The TAM simulation technique is far less complex and 
more economical with respect to machine time than either the six-degree-of-f reedom 
or three-degree-of-f reedom simulation programs. Both the man-hours and machine- 
hours required for an evaluation are significantly reduced through the use of 
this program. 

D I SADVANTAGES - The TAM program was devised for use in post-flight evaluation of 
propulsion system performance with a high degree of dependence on input data 
obtained from the measured trajectory. This is the principal limitation and 
disadvantage of this approach. Mnce the altitude-time historv *nri vehicle 
attitudes are used as inputs, TAM cannot be used to show the effects of propulsion 
parameter and aerodynamic drag perturbations on irajectory parameters. 

3.6 FLIGHT RESULTS 

The flight results usinq this simplified technique are compared with the 
flight results using a conventional three-deqree-of-f reedom (3D) simulation 
program for three S-IB stage Saturn IB flights in the table below. This 
table shows the excellent result obtainable with the TAM simulation technique. 

This approach is as efficient and reliable for use with the latter or upper 
stages as with these stages for which drag effects are of more concern. 


50 

TAM 

$ DEV. 



50 
TAM 
$ DEV. 


AVERAGE SEA LEVEL 
LONG. THRUST (LB) 

AVERAGE TOTAL 
PROPELLANT FL0W- 
RATC (LB/SEC) 

AVERAGE SEA LEVEL 
LONG. ISP (SEC) 

1 ,61 3,5b0 

6153.98 

262.20 

1 ,612, 754 

6151.89 

262.16 

-.06$ 

-.034$ 

-.015$ 

1 ,660,471 

6285.18 

264.19 

1 ,659,928 

6283.40 

264.18 

-.03$ 

-.03$ 

-.005$ 

1 ,631 , 558 

6234.70 

261.69 

1 ,631 ,374 

6234.86 

261.65 

-.01$ 

-.003$ 

-.001$ 


$ DEV. * 


TAM- 30 


3.7 PROGRAM DESCRIPTION 

The complete set of TAM equations is given in Appendix A. The integrations 
called for in these equations can be accurately accomplished using either 
Simpson’s Rule or the Trapezoidal Rule since no complex equations of motion are 
present. The coordinate systems utilized in the equations are defined in 
Appendix 0. The symbols and matrices used in Append'x A are defined on pages 
iv through viii. The input parameters required to satisfy the equations are 
given in Appendix C. 

Output formats are generally considered arbitrary; however, in order to 
illustrate the Trajectory Application Method, a sample print format is given 
in Appendix 0. This sample print is extracted from a typical S-IB stage 
calculated trajectory. This table shows the residuals between the measured 
and calculated trajectory parameters along with the instantaneous corrections 
to the propulsion parameters. Any one of these correction, will explain the 
difference between the two trajectories. 

4.0 CONCLUSIONS 

The TAM simulation technique, described under Paragraph 3.0, yields results 
which are well within the accuracy tolerances of the more conventional simulation 
schemes. The use of this program for the trajectory simulation represents a 
significant reduction in both man-hours and machine-hours required for an 
evaluation of the propulsion system performance. The TAM simulation technique 
is not a tool for studying the effects of propulsion system parameters and aero- 
dynamic drag coefficient perturbations upon the trajectory parameters representing 
the altitude-time history or vehicle-attitude, but represents a most efficient 
means of obtaining the post-flight evaluation of the propulsion system performance. 
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APPENDIX A 
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EQUATIONS: 


CF 


( l-n) 


* CFV 


( I -n> 




(CF). (A t ). (P_) 

l-n T l-n C 


-n 


F-ENG, * FO, + A r (P - “PRESS) 
l-n In E. o 

I -n 

**FJ I = [" cos 6° E (F-ENG, „ + FE. . ) t cos 3° E 

1-4 1-4 


(F-eng 5 _ r ) + e fe 5 _ r ] kval 


FMI = FJI ♦ FA I t FB 
FB = ( *RHO ) (VOLUME) 

FA I = - ( BDRAG ) - (DRAG) 

DRAG = (CD) (*Q) (AREA) 

**FJI0 * cos 6° E CFO, _ 4 + FEI |-4 D + cos 3° E CFO^] + E FE 1 


L I SPO 


FJ 10 \ 
DTLOX | 


AL I SPO 


AVFJ 10 
AVDFLOX 


AVFJ 10 



n 

( FJ 10) dt 


t 


i 


Input data from tape 

The equations illustrate the S-IB stage, Saturn IB, where the 4 inboard 
engines are canted 3° and the 4 outboard engines are canted 6°. However, 
on stages where engines are not canted these considerations can be dropped. 
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APPENDIX A (CONT'D) 
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APPENDIX A (DONT'D) 
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#55 OF A = -(DA) (MASS) 

0 56 DFVE = -(DOVE) (MM) 
#37 DFV I = -(DDIAT) (MM) 
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mi 


DMVE = 
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DCXVE 
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(DDVE ) (MM) 
*QC (AREA) 
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DCXVI 


’(DDIAT) (MM) 
*QQ (AREA) 
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*45 CXCA = CD + DCXA 


#46 CXCVF. = CCDD + DCXVE 
#47 CXCVI * CCDD ► DCXVI 
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MM 
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APPfNDIX 0 


n lUMbllNl COORDINATE SYSTEM DEFINITIONS 


I. Earth-Fixod Coordinate System . The earth-fixed coordinate system Is 
defined as a right-handed Cartesian systom with the projection of the center 
of gravity of the complete vehicle at or prior to First Motion (FITTT • 0) on the 
reference ellipsoid as the origin. 

The X-Z plane is tangent to the reference ellipsoid at the origin of the 
coordinate systom. The positive X-axis is oriented in the flight azimuth direciion 
the positive Y-axis is abovo and normal to the X-7 plane; tho positive 7-axis 
is in a right-handed relation to the X-Y axes. The origin of this earth-fixed 
system rotates with an angular velocity equal to that of the earth. 


Launch pad coordinates are defined with respect to the reference ellipsoid 
chosen to represent the earth and its gravitational field. The elevation of the 
launch site above mean sea level and the position of the center of gravity of the 
complete vehicle are treated as an elevation above the reference ellipsoid. 


X 

e 


X 

e 


• • 

X 

e 



X E 


XXXE 

s 


~ Earth-Fixed Cartesian displacement - 

YYYE 


L. 

Z E 

components 

777E 



x E 


DXXE 

= 

*r 

- Earth-Fixed Cartesian velocity ■ 

DYYE 


L 

• 

Z E 

components 

DZ7E 



*e 


DDXE 

■5 


- Earth-Fixed Cartesian acceleration * 

DDYE 


L 

? E 

components 

DOZE 


?. Space-Fixed Coordinate System . The orientation of the space-fixed 
coordinate system is identical to the earth-fixed system at and prior to guidance 
reference release (GCTTT = 0). The origin is a point fixed in space, and the 
coordinate system remains fixed in space as oriented at guidance reference release 


(GRR). 


i 
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x s 




xxxs 

3 

Y s 

z s 

3 

Space-Fixed Cartesian displacement 

m 

YVYS 



components 


Z7ZS 



*s 


DXXS 

X 

c 


Space-Fixed Cartesian velocity 

DYYS 


J 

z s 

components 

DZZS 



*s 


DDXS 

X » 

c 


Space-Fixed Cartesian acceleration = 

DDYC 

J 

J 

Z 5 

components 

nn?s 


5. Inertial Platform Coordinate System . The inertial platform is a gyro 
stab’ll zed reference olemont oriented at guidance reference release (GRR) time 
identical to the earTh-fixed and space-fixed coordinate systems. The coordinate 
system remains fixed in inertial space as oriented at GRR. Coordinates in the 
inertial system do not irclude the effects of gravity and the initial rotational 
velocity of the earth. 
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Platform velocity components * 
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Platform acceleration components ■ 
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4. Grav 
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onal Components 
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Gravitational displacement components = 

YYYG 

9 


(Initiated at GRR Time) 
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4 . Gravitational Components (Cont’d) 
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(Initiated at GRR Time) 
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= Gravitational acceleration components • 
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APOLLO COORDINATE SYSTEM (SEE REFERENCE 2). 


The previous coordinate systems as described are similar to Project Apollo 
Coordinate System Standards No. 10, 13, and 12. A simple matrix rotation and, 
in case ot the space-fixed system, a shift of origin will convert the data to 
Apol lo Standard Systems. 
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INPUTS: 

A. The following parameters are preloaded as constants. 
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Initial trajectory parameters. 
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